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Introduction:  Depending on the population of 

impactors and the system used for calibration, classi-
cal work by [1] found there are two distinct cratering 
rates in the outer Solar System. Case A, which was 
calibrated to Jupiter, would suggest a cratering rate of 
order 10-7 craters larger than 1 km per 106 km-2 per 
year on Dione, while Case B, which was calibrated to 
a more collisionally evolved population, would sug-
gest a cratering rate of 10-5 craters larger than 1 km 
per 105 km-2 per year [1]. Studies have found that 
Case A is consistent with the Uranian moons [2] and 
Pluto [3], while Case B has been more consistent with 
Triton [1] and the Saturnian system [4,5]. Such differ-
ences in the cratering rate and impactor populations 
has significant implications for the inferred surface 
ages of the Saturnian moons, which in light of the 
young-ring hypothesis [6] is important to resolve the 
history of the system.  

The Saturnian satellites are dominated by H2O ice 
as deduced from the characteristic spectral signature 
in the near-infrared (1-5 µm). The 1.65-µm H2O ice 
band, seen in both ground-based spectra and in data 
from the Cassini Visible and Infrared Mapping Spec-
trometer (VIMS), indicates the presence of the hexag-
onal crystalline form. During a hypervelocity impact 
onto such an icy moon, a shallow quasi-spherical melt 
region is produced [7,8]. Crystalline ice forms from 
the flash heating and cooling of the exposed melt [9]. 
Over time, bombardment by ions disrupts the crystal-
line structure producing amorphous ice [10,11]. The 
surface temperature of Saturn’s mid-sized moons is in 
the range where the amorphous phase is stable over 
the age of the Solar System [12]. Therefore, the local 
abundance of amorphous ice with respect to crystal-
line ice within and surrounding craters allows for an 
estimate of crater formation age [13]. 

Here we use recently produced water ice crystal-
linity maps of Dione [14] along with crater counts [4] 
in order to infer the recorded recent cratering rate. 

Previous Work:  Earlier work used a water ice 
crystallinity map of Dione (see Fig. 1) along with a 
crater catalog in order to identify if the distribution of 
crystallinity was associated with crater morphology. 
Craters whose floors and ejecta were associated with 
distinct differences in water ice crystallinity were 
considered for aging using the methods in [13]. Un-
derstandably, these craters were all young, fresh cra-

ters since repeated and overlapping impacts are ex-
pected to disrupt the distribution of water ice phases 
within and surrounding impact craters. Furthermore, 
Dione’s wispy terrain has been shown to be associated 
with a high degree of crystallinity [15], and thus cra-
ters near this region would also be difficult to age 
with certainty. Additionally, per [13] only craters on 
the trailing hemisphere can be aged because it is this 
hemisphere that is preferentially exposed to ion bom-
bardment. The list of craters best used for our study 
was further reduced upon visual inspection of the geo-
logic context. Specifically, we were careful to note 
ejecta that may be obscuring superposed craters and 
thus would alter the crater counts.  

 
Figure 1: Global water ice crystallinity map, as indi-
cated by warm colors with light representing high 
crystallinity, superposed on a cartographic control and 
digital mosaic of Dione.  

Validation:  Using the crater catalog of super-
posed craters on all craters from [14] along with their 
derived ages, in Figure 2 we plot the cumulative 
crater density for craters larger than 2.1 km for all 
studied craters as a function of their age. The error 
corresponds to statistics of crater counts as well as 
boot strapped error for crater aging, which accounts 
for uncertainty in charged particle irradiation fluence 
as well as the distribution of water ice phase within 
and surrounding the studied crater. Using the York 
method [16], which is used to study linear correlations 
in a system where both x and y variables have corre-
lated and varying errors, we found that to 90% confi-
dence there exists a positive linear correlation with 
crater age and superposed cumulative crater density. 
This indicates the aging technique is likely robust.  

Results:  Here we studied the inferred cratering 
flux of the most confident craters from the catalog: 
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Allecto (340 ± 150 Ma), Coras (210 ± 100), Entellus 
(600 ± 240 Ma), and Ilia (740 ± 110). In Figure 3, we 
plot the calculated cumulative cratering rate for each 
of the studied craters (delineated by color) as a func-
tion of crater diameter. The error bars correspond to 
the propagated error from crater density measure-
ments and water ice crystallinity derived crater for-
mation ages. The values are compared to Case A and 
B predicted cratering rates from [1] (black lines), 
along with a weighted best fit power-law to the data 
(blue line). Derived cratering rates for the studied 
craters on Dione all agree with Case B; Case A can 
confidently be ruled out. Furthermore, the best-fit 
model to our data would predict much higher crater-
ing rates (10-4 craters larger than 1 km per 106 km-2 
per year) compared to Case B; however, within error, 
Case B rates cannot be ruled out.  

 
Figure 2: Cumulative crater density for craters larger 
than 2.1 km as a function of water ice crystallinity 
inferred crater age (black dots). The best-fit model, 
following the York method, is in red showing that a 
positive linear correlation exists.  

Figure 3:  De-
rived cumula-
tive cratering 
rates for Allec-
to, Coras, En-
tellus, and Ilia 
as a function of 
crater diameter. 
The black solid 
line is Case B, 
while dashed is 
Case A from 
[1]. The blue 
line is our best-
fit power law 
model to the 
data.  

Implications:  At a diameter of 36 km, Creusa 
crater is a fresh impact crater with a distinct and near-
ly-globally extensive ray system. As such, the crater 
must be relatively young. Indeed, estimates for the 
weathering of such ray systems would suggest they 
would fade away into background after some 100 Ma 
[17]. Using our derived cratering rate for Dione along 
with the superposed crater counts on Creusa, we ob-
tain an age of 62 Ma ± 34 Ma, which agrees well with 
its observed freshness. Furthermore, for the inferred 
oldest terrain on Dione (~4 Ga) in the catalog of [4], 
so-called DCT1, with a cumulative crater density of 
1072 craters per 106 km-2, our cratering rate would 
indicate a formation age of ~2 Ga.  

Conclusions:  Our results indicate that water ice 
crystallinity inferred ages, after applying the tech-
niques by [13], are supported by cumulative crater 
densities on Dione. This allows us with confidence to 
derive the recent cratering rate experienced by Dione. 
Specifically, we can compare with previous estimates 
[1], which when applied to the Saturn system found 
that it was not in agreement with the bulk of the Solar 
System. Our derived cratering rates can be used to 
confidently rule out the proposed Case A from [1]; 
therefore, the Saturn system does not agree well with 
the outer Solar System cratering, which better agrees 
with Case A [2,3]. Although the derived cratering 
rates are within error to that of Case B, they generally 
suggest higher rates, which would decrease the model 
ages for terrains on Dione [4].  
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